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Abstract 
The paper presents the concept of multi agent system that models the evolution of a 
company. The opportunity of such an approach and the limits of mathematical modeling 
are presented. The main players on the market are modeled as cognitive, adaptive, 
heterogeneous agents and evolve in a dynamic environment. The purpose is to use the 
model of operational agent that has these characteristics. This model is based on using 
an ATN (Augmented Transition Network) to adapt the behavior of its agent to the 
changes it detects in its environment. Each agent has an inference mechanism for the 
first order reasoning. The agents communicate between them through messages and will 
be implemented in a non synchronized object environment.  
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1. Introduction 
Nowadays, there are numerous means to represent the evolution of companies which can briefly 
be grouped in to main categories: 
1.  The first category contains the mathematical formalization of behavior and functionality, 
whose main fault is the excessive simplification of economic reality thus formalized. At the 
market level, economists have difficulties in making the presentation coexist with company 
management theories. 
2.  The second category consist of numerous developed instruments which answer to the needs of 
economic realities, but defied by modeling the elements of this reality, for example, expert 
systems. These systems study the means in which a sole component can manifest an 
„intelligent” behavior. At the same time, it has a difficulty in representing a domain, which is 
very complex, as the economic reality. The limitation is given by the fact that in the economic 
environment, expertise is looked after in order for it to be included in a knowledge base, which 
means know-how, competence and various knowledge transfer which are not owned by one 
player alone. 
 
Actually, the economic reality determines the intervention of more players: companies, consumers, 
and so on. Research to represent economic evolution is based upon the creation of systems that 
allow global analysis starting from describing the behavior and actions of various players on the 
market. In order to do this, Distributed Artificial Intelligence  (DAI) offers the adequate tools to 
accomplish this [Gas 92], [Feb 98], [Dav 07]. The presentation of expertise of each agent is allowed 
by reporting it to the data and distributed control. Each agent has an architecture that allows the 
knowledge of its purpose in the system to be presented and its interaction with other and with the 
environment. Thus, a more adapted answer to the consideration of numerous phenomena which 
avoid other representation is obtained. In this paper the modeling of economic evolution is 
attempted both at the market level as well as of players involved by using a multi agent system. 
The multi agent platform used answers to a pattern of agents that combine cognitive and adaptive 
capacities. The base environment for development is Java. In order to study the time behavior in 
multi agent systems a network simulation with discreet events has been introduced. The Annals of “Dunarea de Jos” University of Galati  
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The paper has five paragraphs. The first two present the company evolution model, the limits of 
classic modeling and the interest for multi agent modeling. The third paragraph presents the agent 
model. The fourth paragraph presents the use of network simulation with discreet events for the 
study of the evolution of the implemented multi agent system. The fifth paragraph presents some 
experimental results and their reading.  
 
2. Evolution model of productive enterprises   
In a simplified model of economic reality (Fig.1) we are dealing with economic agents (enterprises) 
in competition on the market and for the consumers. 
 
 
Fig. 1 Simplified model of economic reality 
 
2.1. Characteristics of different players 
Productive enterprises have the following characteristics: 
  According to our theoretical approach, we will firstly adapt our model to the abilities of 
traditional representations, looking to optimize resources, profit from one period to another, 
by taking into account the first degree inter temporal phenomenon (which for variable t means, 
variable t-1 and t+1; 
  For each statement, it determines the quantity of produced goods CP, unit price P, other costs 
linked to production such as; F- forming and organizing labor, T – improving production tools, 
Sup – supplementary costs for promotion, marketing. 
  Once the enterprise reaches the supposed profit for the positive momentum, it will spend this 
resource looking to maximize profit for the next step, taking into account restrictions. Also, the 
possibility that the whole production will be completely sold appears. 
  Each enterprise encounters two types of restrictions: 
1.  Restrictions which concern internal price of the enterprise, meaning the unit of cost-
benefit in the profit represented by the variation of a decision variable. For instance, 
the increase in the unit price can mean „complementary”. In fact, in the intense 
competitive situation, this growth has a cost in the market quota; this is the same no 
matter if the forming of labor is stopped. An enterprise is thus defined by the internal 
price vectors that describe the situation on the market. An ideal company is not 
modeled, instead a company which has certain qualities and resources in a competitive 
environment is modeled. 
2.  Each company may decide upon its policy at each time. This will not be done without 
reporting it to the competitors. It will notice: 
o  Sold quantities of competitors on the market; 
o  Price shown by competitors; 
o  Quality of product. 
Each time and for these three variables, the company estimates if it is in a favorable 
situation or not. 
  Consumer has the following characteristics: 
  One of our main hypothesis is that market is not necessary an equilibrium. Thus, demand, 
whose function depends on price and quality of company offered products is present in the 
environment, but not necessary satisfied in each period. Markets, send back to the companies 
the quantities sold.  
  It is estimated that consumer prefers the lowest prices and the best quality. 
  Taking into account the quality of products from the previous round, the market equally 
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2.2. The limits of classic representation and the opportunity of multi agent systems 
The limits that reduce the practical importance, in terms of company strategy, of „economic proof” 
and underline the opportunity of a multi agent approach are the following: 
  Behavior of different players that interact (producers, consumers, monopoles, so on) are not 
homogenous. The majority classifies their needs and maximizes, with more or less restrictions, 
their utility [Dos 88]. Behavior homogeneity restriction of players is consequently pretty tough 
and at the same time in contradiction with real economic facts: diversification of productivity 
and organizational structures, market segmenting, consumer behavior study, so on. 
  Information exchange, behaviors (investment, consumption, price decisions, so on) are carried 
out in a space in which time is not a important axis. Thus, on one side, evolution of represented 
economic reality is very simplified, and on the other side, in time phenomena are not taken 
into account. 
  Each player has various activities: observing the market to have a representation of other 
companies, decision making, so on. These are most often carried out in a competitive and 
asynchronous manner. 
  The objective and interest in representation and modeling is not theoretic but especially 
practical. It must allow finding out, not at all costs the ideal function of the economy but, of 
some rules which apply for limited and precise periods for given markets and in the end to 
lead to strategic recommendations. 
 
We tried to represent in a multi agent system a small market. The proposed model is based on an 
„intelligent” representation of players (companies and consumers) according to economic reality. 
 
3. Agent model 
The proposed model (Fig. 2) is organized on three levels. The base level (level 3) is formed of 
Communication Agent (CA), Observation Agent (OA) and Knowledge Base (KB). The agents 
operate in a synchronous and competitive manner and are backed by the agents Company (Firm) 
and Consumer. The second level is formed by Reasoning Agent (RA) that allows reasoning over 
states from the first and last level. The top level is formed of a supervising agent called Supervisor 




Fig.2. Agent model 
 
3.1. Observation Agent (OA) 
Observation agent generates interactions between economic agent and environment. Its main role 
is to define a perception of other company products. It analyzes various sensors (price, sold 
quantity, quality, so on) at a certain time, creating a model of the environment and sending it to the 
reasoning agent. For instance, OA for the agent Enterprise and agent Consumer are three sensors, 
sold quantity, price, quality. It can observe: a) sold quantities on the market, b) shown prices, c) 
quality of products. A company can thus estimate if it is in a favorable situation or not, and 
consumer can choose a product suitable to his possibilities. 
 
   Level 1 
Level 2 
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3.2. Reasoning Agent (RA) 
This agent will define the answer adapted either to the request of the communication agent, or 
according to the evolution of the environment perceived through the observation agent. The 
answer of the agent is according to „its know-how” (operational competence) and its knowledge 
(cognitive competence). The first are implemented as simple Java methods, and the others as rules 
in the knowledge base. For instance, determining the profit of each company is a simple function 
which does not require any cognitive competence. The knowledge base of the agent Company 
allows it to adapt its parameters to maximize profit without taking into account the models of 
other agents defined through the observation agent. Consumer knowledge base allows it to 
determine the best product according to its possibilities. It will sanction the increase in price, 
always taking into account the quality of the product. 
 
3.3. Action/Communication Agent (CA) 
Its role is to accomplish direct actions (environment modification according to those that act) or 
indirect (sending information to other agents), determined by the reasoning agent. In this 
application the main role of this agent is the communication between the Java and Excel 
environment. In Java a generic network is used to ensure communication base DDE (Dynamic Data 
Exchange). DDE is a protocol that allow applications that work under Windows to communicate 
between them, allowing thus the possibility of a continuous data exchange. We used DDE to 
exploit the power of the solver Excel. The Excel macros have been defined, that launch the solver, 
different functions for optimization and its restrictions. The role of the communication agent is to 
send data to Excel, to launch a macro that activates the solver and recuperate the result. This macro 
allows the allocation of resources looking to maximize without restrictions the profit of the 
company in the next step. 
 
Fig. 3 Agent-Excel Communication 
 
Excel is seen as an agent that solves all optimization problems without restrictions for different 
companies. The solving parameters are determined by the reasoning agent for each company. 
 
3.4. Supervisor Agent (SA) 
This agent allows the observation of other agent behavior. It describes the sequence of operations 
that will be chained, the changes that they introduce and it answers for states and transitions. The 
states define the context in which events take place which mark the life of the agent. Transitions 
describe the reaction of the agent to these events. They also define the restrictions that impose to 
execution sequence. The introduction of transition agent behavior is motivated by two 
complementary needs: 
1.  Arranging action independent of the fact that they can or cannot be executed simultaneously; 
2.  Synchronizing actions executed simultaneously to keep the coherence in their solving. 
 
 
Fig.4a. Example of ATN associated to the agent Enterprise 
State 0  State 1 
State 3 
isMessage/readMessage 
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Fig.4b. Example of ATN associated to the agent Consumer 
 
The supervising agent is represented by an ATN (Fig.4a, 4b). They represent the different states of 
other agent. The state of an agent is a combination of states of each agent from level 1. The 
transition graph defines a priori all possible transitions that an agent can have over time. 
 
4. Simulation with discreet events in the evolution of a multi agent system 
 
Multi agent systems offer a good instrument of modeling complex systems in economy, but are not 
adequate for the study of temporal behavior of such a system, a fact that is already known [Gas 92]. 
The use of simulation with discreet events offers in its turn a model, accomplishing the study of 
temporal behavior of a complex system. This model associated to the use of a dead line allows the 
precise definition of the problem cases. It also allows the definition of possible and wished changes 
in the states of a system [ZEI 90]. Simulation with discreet events proved its efficiency in the study 
of complex systems for some time already [Hil 93]. To accomplish the interface between multi 
agent systems and the network for simulation with discreet events we defined the events and 
included them in the ATN interpreter associated to the agents. For instance, after each transition, 
the interpreter uses an event in order to suspend the activity of the agent, but before executing this 
event it will introduce another that will allow it to reactivate at a later moment. Transitions 
between internal states of the agents are the same as transitions between states of the system. To 
each transition an event is associated. At the moment t of an event, an agent Ai is in the state Si. If 
dt is the necessary time to accomplish the transition action an internal event of agent Ai is than 
created. The moment of starting this new event is t+dt. The state of the system is simulated by the 
possible states of all agents. After each transition, the agent suspends its activity to cooperate with 
the other agents. 
 
The integration of a network of simulation with discreet events (Fig.5) allows an asynchronous 
simulation of multi agent systems. Contrary to an synchronous simulation where agents execute 
their tasks at the same time (central clock time), in the asynchronous simulation each agent will be 




Fig. 5. Integration of a multi agent system to a network of simulation with discreet events 
 
5. Experiments 
State 0  State 1 
State 3 
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Experiments constitute a preliminary step in the general approach to validate the evolution 
hypothesis applied to the management of the firms. Our interest is in fact to prove the truth of 
multi agent approach and as a consequence we will optimize the firms in the classical meaning of 
the term. 
 
In this experiments we will consider two different companies (they have different internal price 
vectors) but in identical initial competitive conditions. The study of the case of a new market that 
the two companies compete on, is taken into account. Logically, the company that has the most 
favorable price vector will prevail. In the case of a classical economic demonstration the answer 
could be deducted „a priori” without the process to be studied in time. Multi agent simulation 
allows the influence of economic actors to be observed and respectively in the whole of the process 
in which the firms intervene with actions, in their own manner, along the experiment. The two 
enterprises, of different sizes (different internal prices sensitive to competition) decide to enter a 
new market. They launch products of the same quality in equivalent initial production conditions. 
Firm 2, which is old and beauroctratic, diversifies on the new market where the newer firm 1 is 
already present. Firm 2 is more sensitive to competition than its rival, on this market. It is more 
difficult for it to maintain its skilled labor and to perfect working means, but it also has some 
important advantages: it can use important promotional means and it has the tendency to increase 
price as opposed to their rivals, and consumers prefer low price and best quality of the product. As 






















Fig.6. Agent simulated profit evolution for the two companies 
 






















Fig.7. Sales vs. Total demand The Annals of “Dunarea de Jos” University of Galati  




Taking into account our hypothesis, the companies adopt price increase in order to maximize 
profit. But, because consumers sanction the high increase in prices by not buying, the quantities of 
products will also increase, and after they will drop systematically (Fig.6 and Fig.7). Profit curve 
for company 2 surpasses starting from the fifth period the curve of its competitor, because it 
succeeds in capacitating more resources than company 1. Its size covered the flaws and gave it the 
advantage. The firm managed to diminish the costs (Fig.8, Fig.9) keeping the price inferior to that 












































































Fig. 10. Comparison between production costs The Annals of “Dunarea de Jos” University of Galati  
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6. Conclusions  
The model used in this paper to demonstrate the applicability of the multi agent system is very 
simple, but it reflects the important characteristics of companies, and the results obtained are in 
accordance to the expectations, that is: favorized firms in our experiment prevail on the market. 
Theoretically, the system allowed the validation of the classical economic hypothesis, showing the 
limits and how they can be surpassed. 
 
Multi agent simulation allowed, better than classical economic analysis the following: 
¾  To make visible step by step the competitive process; 
¾  To detail the causes of failure and the reasons of success, and these to be attributed to the 
variable causes that are not given a priori; 
¾  To model more scenarios to determine the best strategies, in variable configurations. 
The example presented has been deliberately simplified. The companies react to optimize resource 
allocation, and the differences result from their internal definition. This statement is also valid for 
consumers. Those presented constitute a first step from a more general concept that we proposed 
to validate the evolutionist hypothesis of „intelligent enterprise” applied in the firm management. 
 
In the future we look to introduce learning and innovation techniques at firm level, of loyalty and 
anticipation to the consumer level, of incite and irreversibility at the market level. The proposed 
multi agent system will be developed and validated in this respect. 
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